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SU(3) Breaking in Hyperon Beta Decays: a Prediction for Ξ0 → Σ+eν¯ ∗
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SU(3) breaking in hyperon semi-leptonic decays is discussed. The SU(3) parameters F and D, relevant to the
“proton-spin puzzle”, are extracted and a prediction is presented for the decay Ξ0 → Σ+eν¯, currently under study
by the KTeV collaboration. The values found are g1/f1 = 1.16±0.03±0.01 and Γ = (0.80±0.03±0.01) ·10
6 s−1.
1. Introduction
Beside the accurately measured β-decay rate
and angular asymmetries for the neutron, there
is also a solid body of data regarding the rest of
the baryon octet [1]. In SU(3) such decays are
described via two parameters, F and D, relat-
ing to strong-interaction effects and two further
parameters, Vud and Vus, the CKM matrix ele-
ments (possible contributions of heavier flavours
may be safely neglected). The F and D param-
eters are important, as they appear in the well-
known Ellis-Jaffe sum rule [2]; a 15% reduction
in the ratio F/D from its accepted value (∼ 0.6)
would remove the discrepancy with polarised DIS
data and alleviate the “proton-spin puzzle” [3].
As SU(3) is generally violated at the 10% level,
it is important to develop a reliable description of
the breaking. A serious test of any scheme pro-
posed lies in the predictions made for new decays.
The process Ξ0 → Σ+eν¯, soon to be measured ac-
curately by the KTeV collaboration at Fermilab
[4], will provide just such a test. In this talk,
following an outline of the data and a scheme to
describe SU(3) breaking, I shall present a predic-
tion for the above decay [5].
2. The HSD Data
Fig. 1 displays the measured baryon octet β-
decays, indicating the nature of the data avail-
able. Note that a few of the decays have also
∗Presented at the III Int. Conf. on Hyperons, Beauty and
Charm Hadrons, (Genova, June-July 1998).
†pgr@fis.unico.it
.
.
.
.
.
.
.
n p
Σ−
Λ0
Σ0
Σ+
Ξ− Ξ0
Figure 1. The SU(3) scheme of the measured
baryon octet β-decays: the solid lines represent
decays for which both rates and asymmetry mea-
surements are available; the long dash, only rates;
the short dash, f1 = 0 decays; and the dotted line,
the forthcoming KTeV data.
been studied in the µ mode. The present world
data on hyperon semi-leptonic decay (HSD) are
collected in table 1. Let me remark that several
of the rates and asymmetries have now been mea-
sured to better than 5%.
Although not evident from the table, there is
a discrepancy in the neutron β-decay data. How-
ever, the precision there (around 0.2%) is far
beyond the needs of the present analysis. To
avoid clouding the SU(3) breaking interpretation
of the full data set, I follow the PDG practice
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Table 1
The present world HSD rate and angular-correlation data [1]. The numerical values marked g1/f1 are
those extracted from angular correlations.
Decay Rate (106 s−1) g1/f1 g1/f1
A→Bℓν ℓ = e± ℓ = µ− ℓ = e− SU(3)
n→ p 1.1274± 0.0025 a 1.2601± 0.0025 F +D
Λ0→ p 3.161 ± 0.058 0.60± 0.13 0.718 ± 0.015 F +D/3
Σ−→n 6.88 ± 0.23 3.04± 0.27 −0.340 ± 0.017 F −D
Σ−→Λ0 0.387 ± 0.018 −
√
2/3D b
Σ+→Λ0 0.250 ± 0.063 −
√
2/3D b
Ξ−→Λ0 3.35 ± 0.37 c 2.1 ± 2.1 d 0.25 ± 0.05 F −D/3
Ξ−→Σ0 0.53 ± 0.10 F +D
a Rate given in units of 10−3 s−1. b Absolute expression for g1 given (f1 = 0).
c Scale factor 2 included in error
(PDG practice for discrepant data). d Data not used in these fits.
and rescale the discrepant data by their resulting
χ2 (see [6]): the errors in both Γ and g1/f1 for
the neutron become 0.0055. This removes any
anomalous contribution to the octet decay χ2,
thus allowing a fair comparison of fits.
3. SU(3) Breaking and Fit Results
SU(3) breaking can be well described using
centre-of-mass (CoM), or recoil, corrections [6–8].
One approach, A here, is to account for the ex-
tended nature of the baryon by applying momen-
tum smearing to its wave function. Thus, CoM
corrections to g1 for the decay A→Bℓν lead to
g1 = g
SU(3)
1
[
1−
〈
p2
〉
3mAmB
(
1
4
+
3mB
8mA
+
3mA
8mB
)]
.
Approach B is rather similar: the breaking is
related to mass-splitting effects in the interaction
Hamiltonian via first-order perturbation theory
[9]. The correction turns out equivalent to a lin-
earised version of the above:
g1 = g
SU(3)
1
[
1− ǫ(mA +mB)
]
.
Note that in both approaches the corrections
are normalised to the reference-point correction
for gn→p1 and depend on just one new parameter
(
〈
p2
〉
and ǫ). Corrections to f1 are found to be
negligible in A and are assumed so in B, in accor-
dance with the Ademollo-Gatto theorem. A fur-
ther global ∼2% normalisation correction to the
Table 2
SU(3) symmetric and breaking fits, including Vud
and Vus from nuclear ft and Kℓ3 analyses.
Fit Vud F D χ
2
/DoF
S 0.9749(3) 0.465(6) 0.798(6) 2.3
A 0.9743(4) 0.460(6) 0.806(6) 1.2
B 0.9744(4) 0.459(6) 0.807(6) 1.2
|∆S=1| rates marginally improves the fit without
altering the results; in [7] a larger value, ∼8%, was
used; however, this worsens present-day fits.
Table 2 displays the results of three fits: S
(symmetric), A and B. With regard to these
fits, a few clarifying remarks are useful. The
value of Vud (and hence Vus, fixed here via CKM
unitarity) is mainly determined by the super-
allowed nuclear ft values and so-called Kℓ3 anal-
yses. However, when Vud and Vus are extracted
from HSD data alone, all parameter values re-
main very similar. Indeed, F and D are quite
insensitive to the breaking schemes used.
4. A Prediction
Table 3 compares the predictions obtained for
Ξ0 → Σ+eν¯ from the above three fits. Recall that
g1/f1 = F + D for this decay, thus allowing for
important cross checks. The variation between
the two SU(3) breaking fits lies within the statis-
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Table 3
The axial coupling, rate and branching fraction
(B) for Ξ0 → Σ+eν¯. The errors are those re-
turned by the fitting routine.
Fit g1/f1 Γ (10
6 s−1) B (10−4)
S 1.26(0) a 0.89(1) 2.58(05)
A 1.17(3) 0.80(3) 2.32(10)
B 1.14(3) 0.78(3) 2.26(12)
a Zero error is assigned to g1/f1 in the symmetric fit
as it would be that of neutron β-decay.
tical errors, I therefore combine them both and
obtain the following mean values:
g1/f1 = 1.16± 0.03± 0.01,
Γ = (0.80± 0.03± 0.01) · 106 s−1,
where the second error is an estimate of the sys-
tematic uncertainty due precisely to the differ-
ences between the two fits.
By way of comparison, let me now very briefly
examine a 1/Nc approach [10]: the fit there re-
sulted in F/D = 0.46 and for Ξ0 → Σ+eν¯ gave
f1 = 1.12 and g1 = 1.02 (fit B of ref. [10]),
or g1/f1 = 0.91 and Γ = 0.68 · 10
6 s−1. Note that
both g1/f1 and Γ are much smaller than those
presented here, which are in turn much smaller
than the na¨ıve SU(3) fit. The various possibilities
should be distinguishable in an experiment with
good statistics, such as KTeV [4].
To understand the difference, recall that the
analysis of ref. [10] includes baryon-decuplet non-
leptonic decay data, which dominate; and the
overall fit, in terms of χ2, is poor. However, when
applied to the HSD data alone, the approach pro-
duces results similar to those reported here [11].
5. Conclusions
Before concluding, let me call attention to a
point that is all too often overlooked: although
easier to analyse, the data based on angular cor-
relations alone present absolutely no evidence for
SU(3) breaking. Furthermore, they severely lack
in statistical power. Only full analyses can be ex-
pected to display the true picture [6].
A full comprehension of SU(3) violation is still
wanting: witness the octet-decuplet discrepancy
and the |∆S=1| uncertainties noted above; more-
over, the system is not yet truly over-constrained.
In this context, I might also mention another
decay (already measured but not accurately so)
for which large corrections are expected: namely,
Ξ− → Σ0eν¯. There too g1/f1 = F +D, allowing
for additional sensitive cross checks.
Concluding then, I would stress that while the
data do clearly manifest significant departures
from SU(3), the mass-splitting driven schemes
discussed here provide a perfectly adequate de-
scription. That said, there is clearly still much to
be understood: e.g., the long-standing question
of second-class currents. Thus, any new precise
data are more than welcome and the contribution
of the KTeV collaboration will be invaluable.
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